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[57] ABSTRACT

A petrol injection system for an internal combustion
engine, the system being adapted to provide additional
petrol into the inlet manifold of the engine during accel-
eration conditions in order to compensate for the less
efficient transference of vaporized fuel to the engine
cylinders during acceleration conditions, the quantity of
additional fuel (BA) being determined in accordance
with a stored enrichment value (FBAAM) which 1s
adjusted regularly to take into account changing engine
conditions. During the warming-up phase of the engine
when the normal lambda regulation is inactive, the
magnitude and direction of adjustment of the accelera-
tion enrichment value (FBAAM) is derived from the
behavior of the rotational speed (n) of the engine and
the A probe signal (A> 1 or A < 1) during an acceleration
enrichment operation in that if, during an acceleration
enrichment operation in the warming-up phase of the
engine, it is detected that the A probe output continues
to indicate a rich mixture (A> 1) and that there was an
engine speed drop, it is concluded that the acceleration
enrichment factor is too high and steps are taken to
reduce it. However, if it is detected that the A probe has
changed to indicate a lean mixture and that there was an
engine speed drop, it is concluded that the acceleration
enrichment factor is too low and steps are taken to

increase it.

5 Claims, 4 Drawing Sheets
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ADAPTIVE ACCELERATION ENRICHMENT FOR
PETROL INJECTION SYSTEMS

BACKGROUND OF THE INVENTION

The present invention relates to acceleration enrich-
ment for petrol injection systems. |

Petrol consists of chains of hydrocarbons of varying
length. As temperature increases and pressure de-

creases, even the longer molecule chains vaponze.

during idling conditions in petrol injection systems, a
vacuum is present in the inlet manifold downstream of
the throttle valve. The injected petrol vaporize com-
pletely and passes into the cylinder. However, as the
throttle valve is opened, the intake mainfold pressure
increases correspondingly. The tendency of the fuel to
vaporize then decreases, the result being that longer
fuel molecule chains are deposited in liquid form as a
film on the wall of the intake manifold. The latter quan-
tity of fuel is not combusted and the mixture which 1s
actually combusted is too lean. The acceptance of pet-
rol is thus poor during acceleration conditions. It is the
object of acceleration enrichment (BA) to provide an
excess quantity of fuel during acceleration so that the
engine receives the correct mixture composition during
acceleration despite the formation of the film on the
wall.

This excess quantity is determined during initial 1n-
stallation of new engines and is stored permanently in
the data store of the control device of the fuel injection
system.

It has recently been established, however, that coking
of the inlet valves occurs following a longish operating
time and dependent upon the type of petrol used and the
driver's driving technique. This has a deleterious effect
on acceleration, since the coking on the intake valve
acts during acceleration as a sponge in addition to the
film on the wall. Fuel drops are caught in the coked,
porous surface of the intake valve and are not com-
busted. As a consequence of the resulting too-lean mix-
ture, the engine torque drops considerably. In the worst
cases, the engine can actually stop during an accelera-
tion demand. If the acceleration enrichment quantity is
increased considerably, normal driving is once again
possible. However, this excess quantity cannot be pro-
vided for in a new engine, since it would not then be
possible to adhere to legal exhaust-gas limitations. Also,
the driving performance of new vehicles would be
poorer, because over-enrichment would cause the en-
gine torque to drop during acceleration. A method 1s
therefore required which automatically adapts the ex-
cess acceleration quantity to engine conditions.

Some adaptive methods for acceleration enrichment
are already known, e.g. as described in DE-OS 2 841
268 (GB-PS No. 20 30 730) and US-PS No. 4 245 3]2.

However, these known methods use only the infor-
mation from a conventional lambda (air-fuel ratio A)
regulator for the adaptation. Conventional lambda reg-
ulators are, however, only activated at engine tempera-
tures of above 20° C. Below this temperature, there is
controlled driving only, because an engine requires a
richer mixture than lambda = 1. In addition, there are no
legal exhaust-gas regulations effective below this tem-
perature. The only criterion in this range is the dnving
performance. Up till now, the only technique available
has been to apply to cold engines adaption values estab-
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2

lished for a warm engine, without the accuracy thereof
being tested.

It has now been determined using some actual exam-
ples of coked intake valves that the acceleration enrnch-
ment factor for a warm engine must be increased some
five-fold with respect to the new state in order for lamb-
da=1 to be obtained again during acceleration enrich-
ment. In the known methods, in the case of a cold en-
gine (— 30 degrees . . . +20 degrees), the acceleration
enrichment, which has been considerably increased
over that for a warm engine, is increased by a further
factor of 0.5 during engine warm-up. There is thus a risk
of over-enrichment.

It is an object of the present invention to provide a
technique of adaptive acceleration enrichment which
overcomes the above-discussed problems of the known

sojutions.
SUMMARY OF THE INVENTION

The present invention is a system and method for
adaptive acceleration enrichment for fuel 1njected en-
gines in situations when there is active and tnactive
lambda regulator control.

The system and method of the present invention are
used during acceleration enrichment periods to ideally
achieve lambda=1 operation of the engine. This is ac-
complished by developing and applying acceleration
enrichment whether the engine is warm or cold.

According to the method of the present invention,
the fuel injection quantity t1 is determined for a given
acceleration enrichment period. From this determina-
tion, the adaptive factor for acceleration enrichment 1s
determined based on whether or not there is active or
inactive lambda regulator control.

If there is active regulator control, the adaptive fac-
tor is based on the lambda regulator value Fr being
compared with the average regulator value Frm (which
is an average of Fr values from previous acceleration
enrichment periods). The adaptive factor then cause
adjustment of the fuel injected to compensate for the
injected mixture being too rich or too lean during accel-
eration.

When there is inactive lambda regulator control,
there are no Fr values available for use in determining
the adaptive factor. So, a lambda probe is used along
with the presence or absence or engine speed drops
during the previous enrichment periods to provide a
basis for determining the adaptive factor.

This has the advantage that adaptive acceleration
enrichment can be maintained satisfactorily even during
the warming-up phase of the engine.

BRIEF DESCRIPTION OF THE DRAWING

The invention is described further hereinafter, by
way of example only, with reference to the accompany-
ing drawings, in which:

FIG. 1is a flow diagram illustrating the overall oper-
ation of a system in accordance with the present inven-
tion;

FIG. 2 is a flow diagram illustrating the overall oper-
ation of the system when providing adaptive accelera-
tion enrichment without active lambda control; |

FIG. 3is a flow diagram showing greater detail of the
operation without active lambda control; and

FIG. 4 is a flow diagram illustrating the operation of
the system when providing adaptive acceleration en-
richment with active lambda control.
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DESCRIPTION OF EXEMPLARY
EMBODIMENTS

When calculating the quantity of fuel to be injected
during acceleration enrichment under normal opera-
tional (engine warm) conditions, an engine load single
t1, which 1s proportional to the mass of intake air per
stroke, i1s used to form a control time ti of an injection
valve, in that the engine load signal is multiplied by
other correction factors Fi and then added to a voltage
correction time TVUB.

Ti=tLx Fi+TVUB

The factors Fi include a factor Fr, by way of which
the lambda regulator acts on the mixture, as well as an
acceleration factor Fba. Thus:

Fi=Frx Fba(1) X Fue, Fue=other factors,

which need not be considered for the present purposes.

At the moment at which acceleration enrichment is
triggered, the acceleration factor Fba(t) 1s raised to an
initial value Fba(O) and 1s subsequently linearly con-
trolled downwards with the time constants DTBAM to

the value 1. Thus:

FBA(1)=FBA(O)-DTBAMX ]

The 1nitial value FBA(O) 1s made up of the following:

FAB(O)= 1+ FBAQ x FBAM x KFBA X FBAAM.
where
FBAQ-—factor dependent on the gradient of the load
signal
FBAM —factor dependent on engine temperature
KFBA —performance graph factor dependent on

load and speed
FBAAM-—adaptation characteristic dependent on
engine temperature.
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The characteristic curve for FBAAM consists of 40

support points at which values are stored and between
which linear interpolations are made.

e.g. FBAAM={(TMOT), TMOT —engine tempera-

ture

There may, for example, be two support points:

Support point 1=a value FBAA1 associated with
TMOTI1

Support point 2=a value FBAA2 associated with
TMOT2

The characteristic value of FBAAM for an engine
temperature of between TMOT1 and TMOT2 1s thus

FBAAM(TMOT)=FBAA1+
(FBAA2—-FBAADX(TMOT-TMOT1)/(T-
MOT2-TMOTI).
For active lambda control conditions, (i.e. when the
engine 1s warmed up) the criterion for adaptation is
obtained from the lambda regulator output.

However, the lambda signal arrives too late to cor--

rect an acceleration operation which is still running.
This is conditioned by the time the exhaust gas takes to
reach the lambda probe in the exhaust manifold and by
the response delay of the probe 1tself.

The probe supplies only the statement:Amixture too
rich (A<1) or too lean A>(1). Only at the instant at
which the probe voltage changes (i.e. There is a voltage
jump) 1s it known that the exhaust gas flowing past is at
lambda=1.
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The integrating behavior of the lambda regulator
does, however, make it possible to conclude to what
extent the mixture was incorrect on gas admtssion. The
longer and more intensely the regulator has to enrich
the mixture in a ramp-like manner following accelera-
tion enrichment until the problem once again indicates a
rich mixture, the leaner the mixture will be during ac-
celeration.

Adaptive acceleration enrichment with active
lambda regulation uses the following correlations:

An average value Frm is formed from the values at
the control output Fr at the instants of probe jump.

When an acceleration enrichment operation is trig-
gered, a ime counter having the value TBA 1s started.
Only when the counter has stopped is the next probe
transient sought. In this way, i1t 1s ensured that no prob-
lem signal is used for evaluating the acceleration ennch-
ment which belongs to the mixture prior to the acceler-
ation enrichment.

The value of the lambda regulator output Fr at the
instant of the probe jump is compared with the stored
average value Frm obtained previously. The leaner the
mixture during acceleration enrichment, the longer and
further the lambda governor had to enrich the mixture
in a ramp-like manner until the problem once again
detected a mixture where lambda=1,

If the difference between Fr and Frm lies above a

threshold DFRP, then the above-described adaptive

charactenistic FBAAM, which is stored as a function
over engine temperature is adjusted, and, for example,
has two support points according to the following for-
rmula:

FBAA1(TMOT1)—-new=FBAA1(TMOT1)-

old 4 (FR-Frm) X ZBAA X(TMOT —T-
MOT1)/(TMOT2—-TMOT1)
and
FBAA2(TMOT2)-new=FBAA2(TMOT2)-
old+(Fr—FRm)X ZBAA X{TMOT2-T-
MOT)/(TMOT2-TMOT1)

The learning speed of the adaptation 1s adjusted by
way of the value ZBAA. _

If the difference i1s negative and exceeds another
threshold DFRN, then the adaptation factor 1s reduced
in accordance with the following formula:

FBAA1(TMOT1)-new=FBAA1(TMOT1)-

old+(FR—-Frm) X ZBAA X(TMOT-T-
MOT1)/(TMOT2-TMOT1)
and
FBAA2(TMOT2)-new=FBAA2(TMOT?2)-
old4(Fr—Frm) X ZBAA X(TMOT2-T-
MOT)/(TMOT2-TMOT1)

In this way, the adaptive correction factor 1s assigned
to the associated engine temperature.

The adaptation factor FBA A influences a character-
istic FBAAM in a non-volatile RAM, which i1s stored as
a function of the engine temperature. The learned adap-
tation factor adjusts the values of the characteristic at
the support points between which it i1s located, in accor-
dance with the principle of inverse interpolation. The
further the engine temperature support point of the
characternistic value is from the actual temperature, the
weaker the adjustment of said value. |

Since there is no information available from the con-
ventional lambda regulator when the engine 1s cold,
two other cniteria are used for adaptation.

Use 1s made of a recently available heated problem,
which can be made warm enough to provide a usable
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signal [lambda>1 (lean or lambda <1 (rich)] within a

short time, even when the engine itself 1s cold.

During the engine warm-up time such a lambda
probe normally (not an acceleration condition), indi-
cates the signal lambda <1 (rich). If then, after a dead
time TBA following acceleration enrichment being
triggered there occurs with a time TSU a change in the
probe output such that it indicates lambda <1 (lean
mixture) this means that the mixture became leaner
during acceleration enrichment. It can then be con-
cluded that the acceleration enrichment factor must be
Increased.

However, in this way it cannot be recognized
whether there has been excess enrichment during an
acceleration enrichment.

To recognize the excess enrichment, a further crite-
rion is required. This criterion can be derived from the
engine speed curve. If the speed drops rather than in-
creases following triggering of an acceleration enrich-
ment, then there was excess enrichment during the
acceleration enrichment. In this case, the adaptation
factor must be reduced.

A drop in speed is established by comparing the speed
at the instant of acceleration enrichment triggering with
the speeds within the time TBA. If the actual speed is
below the speed at the moment of acceleration enrich-
ment triggering, a speed drop flag is set in the control
device.

In some cases, it may be necessary to form a more
differentiated “‘speed drop” criterion. Instead of com-
paring it with the actual speed, it could be compared
with the average value of the speeds, whereby this
average value is recalculated following each accelera-
tion enrichment triggering. As a result, fluctuations 1n
speed caused by a tendency to jolt would not set the
speed drop flag.

Thus, if the A probe continues to show A< (rich)
during acceleration enrichment and there i1s an engine
speed drop, then it can be concluded that that accelera-
tion enrichment was too great. The acceleration enrich-
ment factor is then arranged to be reduced the next time
that acceleration enrichment i1s provided.

On the other hand, if the A probe changes to indicate
a lean mixture (A < 1) during acceleration enrichment
and there is an engine speed drop, then it can be con-
cluded that that acceleration enrichment was t0o weak.
The acceleration enrichment factor is then arranged to
be increased the next time that acceleration enrichment
1s provided.

The above-described operation is illustrated in the
form of simplified flow diagrams in the accompanying
FIGS. 1t0 4.

As shown in FIG. 1, the injection quantity t1 1s calcu-
lated, as described hereinbefore, taking into account a
previously established enrichment factor map in accor-
dance with

ti=tL Fi Fba(r)+ TVUB

where Fba(t)=FBa(o)-DTBAM.t
t being zero when the acceleration enrichment is
triggered,

Fba(t) always bemg greater than one and
Fba(o) being given by FBAM.KFBA.FBA .FBAAM

The method by which the adaptive factor FBAAM is
established depends upon whether the A regulator con-
trol is active or not, that is upon whether the engine has

reached its normal operating temperature or not. If the
A regulator is active, then the engine has warmed up
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and adaptive acceleration enrichment is based “with A
control” upon the A regulator value Fr and its compari-
son with the average value Frm, as described above.
On the other hand, if the A regulator 1s not yet active
and the engine is therefore still warming up, then pro-
vided that the A probe itself has been heated up suffi-

ciently, adaptive enrichment i1s made “without A con-

trol” on the basis of the A probe signal and the presence
or absence of engine speed drops during the previous
enrichment period. It is of course with the latter warm-
ing-up phase that the present invention is primarily
concerned and so that operations performed during this
phase are described in more detail in the flow diagrams
of FIGS. 2 and 3.

FIG. 2 illustrates part of a main processing routine
which is effective during the warming-up phase of the
engine when the A regulator is not active.

Point 10 indicates the part of the routine where nor-
mal fuel injection pulses are generated based on the
usual engine parameters such as load t1 and engine
speed n. On detection of an acceleration demand at
point 12, a routine 14 is activated for the calculation of
an acceleration enrichment factor (BA) and accelera-
tion enrichment is triggered at 16.

As explained above, due to the inevitable dealy in the
A probe reacting to a change in the fuel quantity In-

jected, no attempt is made to make any adjustment to
‘the acceleration enrichment factor during a current

enrichment process. Rather, what happens during that
enrichment is monitored and used after the end of that
enrichment step to modify the enrichment factor appro-
priately for the next enrichment step.

Thus, a decision is made at point 18 as to whether fuel
enrichment is still running for that particular accelera-
tion operation. If it is, then a check is made at point 20
to establish whether the A probe is ready for operation,
1.e. is it heated up sufficiently. If it is not, then the rou-
tine returns to the beginning 10. If it is, a check is made
at 22 as to whether there has been a drop in engine
speed during the acceleration enrichment period. If
there has not, then the routine returns to the beginning
10. If there has, then the A probe is monitored to check
for any change in its output to the lean mixture condi-
tion (A>1). Any such change and the speed drop are
transferred to RAM within a control computer for
future use.

When it is detected at point 24 that a fuel enrichment
operation has just finished, checks are made on the
stored signals to establish whether the A probe was
ready for operation (point 26) and whether there had
been a drop in engine speed during the enrichment
operation (point 28). If the answer is positive, 1t 1s
checked at pint 30 whether there was a change in the A
probe output from a rich (A< 1) to a lean (A> 1) during
the enrichment operation. If the answer is negative,
then it is concluded (point 32) that the enrichment was
too great and steps are taken (see FIG. 3) to reduce the
adaptation performed at point 14 next time acceleration
enrichment is required. On the other hand, if the answer
is positive, then it is concluded (point 34) that the en-
richment was insufficient and steps are taken to mcrease

‘the adaptation at point 14 next time.

Adaptive enrichment without active lambda control
is illustrated in more detail in the flow diagram of FIG.
3. o

When acceleration enrichment is triggered at point
36, a counter is started (point 38) which counts out the
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period TBA. The “speed drop™ flag 1s re-set (point 40)
in the computer and the current engine speed (n=ng4)
is recorded (point 42).

During the period that the TBA counter 1s still run-
ning (point 44), a check 1s made at point 46 as to 35
- whether the current engine speed n is less than the
recorded speed ng4 at the time acceleration enrichment
was triggered. If it is less, then the “*speed drop” flag is
set (point 48). When it 1s detected at point 50 that the
TBA counter had just stopped, then a second counter 1s
started which counts a period TSU (§2). While the
counter TSU is runriing, a check is made at point 54 or
whether the A probe is indicating a lean mixture (A > 1).
If it 1s, then the “probe lean” flag is set. When it is
detected at point 56 that the TSU counter had jut
stopped, a check 1s made at point 58 whether the “speed
drop” flat is set. If it is, then it 1s checked whether the
“probe jump’ flag was set. If it was, then it 1s concluded
that the acceleration enrichment was too lean during
the previous enrichment operation so that the enrich-
ment factor must be increased. A explained above, this
is achieved by adjusting the two support points of the
FBAAM map upwards in accordance with
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Fbaal new = (TMOT2 — TMOTY)
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30

On the other hand, if it is found that the *probe jump”
flag has not been set, it is concluded that the accelera-
tion enrichment was too great during the previous en-
richment operation so that the enrichment factor must
be reduced. This 1s achieved by ad)usting the two sup-
port points of the FBAAM map downwards 1n accor-
dance with:

35

(TMOT2 — TMOT)

Fbaal new = Fbaal old — ZBAA - (TMOT? — TMOT1)

and

o B - A(TMOT — TMOT
Fbaal new = Fbaal old — ZBA (TMOT2 — TMOT)

45

FI1G. 4 1llustrates 1n more detail a flow chart of the
routine which achieves the operation described inttially
for adaptive enrichment with active lambda control,
that 1s when the engine is fully warmed up. In this case,
the decision whether to increase or decrease the accel-
eration enrichment factor is made on the basis of
‘whether the difference between the current lambda
control output Fr and and the stored average value Frm
1s positive or negative and above predetermined thresh- 55
old levels DFRP, DRRN, as described above.

Using the above-described techniques, satisfactory
adaptive acceleration enrichment (BA) can be main-
tained during acceleration even when the engine is cold.
The conversion rate of the exhaust catalyzer thus re-
mains optimized. Neither is there any deterioration in
performance due to varying engine conditions such as,
for example, in the event of coking. Extreme coking
mtake passages reduce charging and hence impair per-
formance to an unacceptable level. Adaptation can also
be used in diagnosing such a condition of the engine.
The adaptation value for the acceleration enrichment
can be read out from non-volatile RAM. If the value is
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very large, it is likely that the engine valves are badly
coked and must be cleaned.

I claim:

1. A fuel injection system for an internal combustion
engine, the system having means for controlling a sup-
plying of additional fuel int the inlet manifold of the
engine during acceleration conditions to compensate
for insufficient transference of vaporized fuel to the
engine cylinders during acceleration conditions, with
the quantity of additional fuel (BA) being determined
by such means in accordance with a stored acceleration
enrichment factor value (FBAAM) which is adjusted
regularly according to changing engine conditions,
with the magnitude and direction of adjustment of the
acceleration enrichment factor value (FBAAM) being
determined from the behavior of a rotational speed (N)
of the engine and a A probe signal (A<1 or A> 1) from
a Aprobe during an acceleration enrichment operation,
and further with the means for controlling the supply-
ing of additional fuel and determining the acceleration
enrichment factor value (FBAAM) increasing the
amount of additional fuel supplied when a probe signal

- indicates a lean mixture (A> 1) and there was a drop In

engine speed.

2. An injection system according to claim 1, wherein
the means for controlling the supplying of additional
fuel and determining the acceleration enrichment factor

-value (FBAAM) reduces the amount of additional fuel

supplied when the A probe signal indicates a rich mix-
ture (A> 1) and there was a drop in engine speed.

3. An injection system as claimed in claim 2, wherein
the system includes means for monitoring during an
acceleration enrichment operation changes in the
Aprobe signal from the probe from a rich mixture signal
(A< 1) to a lean mixture signal (A>1), and changes 1n
the engine speed, and with the system further including
means for storing the monitored A probe signal values
and engine speed changes, and adjusting the stored
acceleration enrichment factor value (FBA AM) based
on the stored values for use at subsequent acceleration
enrichment operations.

4. An injection system as claimed in claim 3, wherein
the acceleration enrichment factor value (FBAAM) is
in the form of a linear map based upon engine speed
according to the expression:

FBAAM=F (TMOT) (1)
the map being established by two support points
(FBAA1 and FBAA2) associated with respective
engine temperatures (TMOT1 and TMOT2) and
increasing the acceleration enrnichment factor value
(FBAAM), when such acceleration enrichment
factor value (FBAAM) is too low by adjusting the
support points in accordance with the expressions:

FBAA] new = FBAAl old + ZBAA . SIMOT2 - TMO (2)

(TMOT2 — TMOT)

and

(3)

o ATMOT — TMOTI)
FBAA2 new = FBAA2 old + ZBAA (TMOT2 — TMOT1)

wherein,
FBAA1=first support point
FBAA2=second support point
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ZBAA =adjusting value

TMOT1={irst engine temperature

TMOT2=second engine temperature

and decreasing the acceleration enrichment factor
value (FBAAM) when such acceleration enrich-
ment factor value (FBAAM) is too high, by adjust-
ing the support points in accordance with the ex-
pressions:

_ o - _ (TMOT2 — TMOT) (4)
FBAAI new = FBAAY old — ZBAA - Croms——ruor)

and

o 3 {TMOT — TMOT1) (3)
FBAA2 new = FBAA2 old — ZBAA (TMOT2 — TMOT)
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wherein

FBA A1 =first support point

FBAA2=second support point

ZBAA =adjusting value

TMOT1=first engine temperature

TMOT2=second engine temperature.

§. An injection system according to claim 1, the sys-
tem includes means for detecting when a difference
between a current lambda control output (Fr) and a
stored average value (Frm) 1s positive or negative, and
above predetermined -positive threshold level (DFRP)
or below predetermined negative threshold level
(DFRN), respectively, and based on the detected values
increasing or decreasing the acceleration enrichment

factor value (FBAAM).
| $

£ =%x %
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CERTIFICATE OF CORRECTION

PATENT NO. - 5,127,383 Page 1 of 3
DATED : June 7, 1992
INVENTOR(S) : Wwild
It is certified that esTor appears in the above-identified patent and that said Letters Patent is hereby
corrected as shown below:

Column 1, line 11, change "during" to --During--.

Column 1, line 13, change "vaporize" to --vaporizes--.

Column 2, line 12, change "0.5" to --5--.

Column 2, line 54, change "DRAWING" to --DRAWINGS--.
Column 3, line 6, change "single" toO --signal--.

Column 3, line 64, change "Amixture" toO ---mixture--.

Column 4, line 67, change "problem" to --probe--.

Column 5, line 1, change "(lean" to --(lean)--.




il — Lt

UNITED STATES PATENT AND TRADEMARK OFFICE
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PATENT NO. 5,127,383 Page 2 of 3
DATED June 7, 1592
INVENTOR(S) : Wwild

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby
corrected as shown below:

Column 5, line 8, change "<" to -->--.

Column 5, line 43, change "<" to -->--.

Column 5, line 63, change "FBA" tO --FBAQ- -.
Column 6, line 20, change "tl1l" to --tL--.
Column 6, line 38, change "." to --?7--.

Column 6, line 54, change "pint" to --point--.
Column 7, line 10, change "had" to --has--.
Column 7, line 15, change "jut" to --just--.
Column 7, line 21, change "A" to --As--.

Column 7, line 63 and 64, change "coking intake"” to --
coking must, however, be removed because the clogged intake--.
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Column 8, line 6, change "int" to --into--.

Column 8, line 23, change "A>1" to --A<l--.

Column 8, line 35, change "A<l" to --A>1--.

Column 8, line 35, change "A>1l" to --A<l--.
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